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This paper proposed a Takagi-Sugeno fuzzy control method is used to build 
the model for current controlled of three phase photovoltaic inverter. The 
three phase inverter connected to grid with L filter. The DC link capacitor is 
splatted midpoint of three phase four wire and the DC link voltage in the 
input side of the inverter is considered as input variables value for maximum 
value of the reference current for the feedback controlled. The proposed of T- 
S fuzzy control method and hysteresis current control can solve and enhance 
the THD of the output current of the inverter. The T-S fuzzy is designed to 
monochrome controller makes the output currents are balanced and decrease 
the harmonic compensation of the full system. The Matlab simulations and 
test results show the THD, current and the voltage of the three photovoltaic 
inverter under T-S fuzzy controller method is current balancing efficiency. 
The control unit is capable of carrying out operation in good condition, 
dynamic characteristics stable and high quality. 
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1. INTRODUCTION 

As the demand for electricity increases and people become more aware of environmental protection, 
the development of renewable energy and the use of distributed power generation, wind power generation 
and photovoltaic power generation have achieved unprecedented development. The power electronics 
technology and instrument in the world has expanded, the application of power electronic devices has 
penetrated into every corner of people's work and life. Inverters (single and three phase) as the heart of power 
electronic devices have also become the focus of application and research. 

The three phase topology is the main part of many power electronic systems, including DC/AC and 
AC/DC application systems. Also the three phase inverters for photovoltaic energy applications connected to 
the low and medium voltage grids. The three phase photovoltaic inverters are classified into current control 
inverter (CCI) and voltage control inverter (VCI). In this paper has been used the current control inverter. 
The current source inverter is widely used in three phase photovoltaic grid tie inverter because of its good 
control performance. Hysteresis current control is widely used in three phase photovoltaic inverter because of 
its fast current response and better stability. However, hysteresis current control is a powerful nonlinear 
theory, and the control of the switching element of the inverter is an equivalent. The current deceleration 
control is widely used in three-phase photovoltaic inverter due to the fast current response and better 
stability. However, the deceleration is a strong non-linear correlation, and is similar to the switch control. 

Figure 1 shows the proposed system of a three phase photovoltaic inverter system. The simulation 
circuit of the system in this paper were perform by using MATLAB/Simulink software program. The aim of 
this paper is to calculate, simulate and implement new current control technique for three phase photovoltaic 
inverter connected to grid. In this paper, three phase four wire photovoltaic inverter based on the T-S fuzzy 
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control method was used to solve the problem of controlling the feedback control of a the hysteresis loop 
current. The T-S fuzzy control method is one of the powerful theories, this theory is suitable for the control 
of nonlinear with time-varying. The control is a rule-based control, which directly adopts based control rules. 
The rest of the paper is organized as follows: section 2 presents the mathematical model of three phase 
inverter, section 3 presents the T-S fuzzy and hysteresis mathematical model, section 4 discusses the 
simulation results of full system, and finally, section 5 shows conclusions. 



Figure 1. Three-phase four-wire inverter system 


2. MATHEMATICAL MODEL OF THREE PHASE INVERTER 

The mathematical model of three phase bridge photovoltaic inverter in the Figure 1 is based on two 
set points as a reference voltage points. In the Figure 1, point N presents the neutral point of the three-phase 
grid, and point O is the midpoint of the DC side link capacitor voltage is divided into two. Shown in (1) 
present the set of the three phase inverter switching function Si to characterize the turn ON/OFF transistors. 

( 1 1,3,5 ON and 4,6,2 off 

( 1 ) 

0 1,3,5 off and 4,6,2 on 


Assuming that the output of the three phase inverter connected to inductance and resistance, the mathematical 
model of the output is established based on Figure 1 is as shown in (2) [4]. 


di a _ 

T L ac ^Ga ^OJV 

di b _ 

^ac^b + ^ac ^phb^dc 

di b _ 

T L ac ^ ^Gb ^phb^dc 


di b _ 

T Lac ^ ^Gb ^phb^dc ~ ON 


( 2 ) 


Where, VGa, VGb, and VGc Represent phase voltage of three phase three wire grid. The phase voltage of 
each phase of the grid relative to the midpoint N. Vpha, Vphb, and Vphc present the output voltage of the 
inverter. 


3. T-S FUZZY AND HYSTERESIS MATHEMATICAL MODEL 

From the Figure 1, the main analysis of the circuit of three-phase four-wire, the voltage in the DC 
side is spilt into two equal voltage across the same value of capacitors(Cl=C2) Compared with the three- 
phase three-wire . If we using traditional control theory methods, then the linear systems is very complexity 
of control. The method of T-S fuzzy control is used in this work to be simplified the full control system. 

The hysteresis control of three phase photovoltaic inverter is a strong nonlinear control technique. 
The T-S fuzzy console features perfect dynamic performance, is not sensitive to changes in the process 
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parameters of the system, and has strong durability. Therefore, the controller is designed to include a T-S 
fuzzy algorithm. The need for compensatory power changes the display of the hinge loop to achieve better 
compensation. 

Figure 2 is the diagram of the controller system with the T-S fuzzy variable loop. According to the 
analysis of the hysteresis current control principle, the T-S fuzzy input variable is selected as the reference 
current. The deviation (x(Ai)) from the actual current and its rate of change (x' (dAi/dt)), select the hysteresis 
loop width as the output variable (v) the fuzzy input amountx, x' is defined as in (3) and (4). 


x(t) = i*(t) - i(t ) 

(3) 

= 1) 

(4) 


Where, x(t ) and x'(t ) are the command current and the actual current at time t respectively and The scales of 
x(t) isx 1? x 2 , x 3 of x'. 

The maximum values of the x(t) and x'(t) is considering that the value of the input variable exceeds 
the maximum value. In the case of the encirclement, the membership function of the x(t) and x'(t) input 
variable is shown in Figure 3. 



Figure 2. Hysteresis current control type 


The four variables of the T-S fuzzy method are: ZE (zero), PS (positive), PM (median), PB 
(positive), x, x' and we use overlapping triangle membership functions. According to harmonics 
compensation current control requirements, can be found that the basic law of hysteresis loop width 
adjustment is: when e is larger, increase the loop width; when e is small, adjust the hysteresis loop width 
according to x f when designing the T-S fuzzy controller, consider the impact of T-S fuzzy rule complexity on 
the timeliness. The corresponding T-S fuzzy control rules are shown in the Table 1. 



Figure 3. Fuzzy changing in error 
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4. T-SIMULATION AND ANALYSIS RESULTS 

From the analysis in the previous paragraph, the DC voltages of the two capacitors on the DC link 
side are respectively sampled, and according to the T-S fuzzy controller. The final system of three-phase 
four-wire inverter with two capacitor voltage and T-S fuzzy control technique is shown in Figure 4 The 
simulation parameter of the full system is presented in the Table 2. 


Table 1. The Fuzzy Parameter Rules _ Table 2, The System Parameter 


x' 

ZE 

X 

PS 

PM 

PB 

Parameter 

The inductor 

value 

3 mH 

ZE 

ZE 

PS 

PM 

PB 

The resistance 

20Q 

PS 

PS 

PS 

PM 

PB 

The DC link capacitor Cl and C2 

1000 uF 

PM 

PS 

PM 

PB 

PB 

DC link voltage 

500V 

PB 

PM 

PM 

PB 

PB 

Grid Phase 

230 V 


Figure 5 to Figure 9 presents the simulation results of the full system is shows the three phase 
photovoltaic inverter model and the designee of the T-S fuzzy controller. The six PWM signals of the final 
three phase photovoltaic inverter is presented in the Figure 5. Figure 6 shows the two voltages of the DC 
Fink side arose the two capacitor. The voltage of the DC link side with split capacitor is controlled and has 
good dynamic performance. According to the T-S fuzzy control method and hysteresis current control, the 
waveform of the output voltage of the three-phase inverter before filter is shown in Figure 7. 



Figure 4. Full system of three phase photovoltaic inverter tied to grid with T-S fuzzy control method and 

hysteresis current control 


Figure 8 present the three phase output voltage and current of the inverter after filter and before the 
grid connection. The performance of the three phase inverter four-wire , in the terms of harmonics 
elimination compensation, based T-S fuzzy control method and hysteresis current control is very satisfactory. 
The average of the THD of the output currents for full system values is equals to 2.8033% obtained adhere 
to the IEEE standard of THD < 5%. The FFT output of the three phase currents is presents in the Figure 9. 
Figure 9a present the THD= 2.95% of the current of phase A, Figure 9b present the THD= 3.0% of the 
current of phase B and finally Figure 9c present the THD= 2.45% of the current of phase C. 
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Figure 5. Six switches PWM of three phase inverter 
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Figure 6. Upper and lower DC link capacitor voltages (Cl & C2) 
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Figure 9. THD of the Three phase inverter output current (a) THD of the phase A oputput current, 
(b) THD of the phase B oputput current and (c) THD of the phase Coputput current 


5. CONCLUSION 

In this paper, the T-S fuzzy control method and hysteresis current control is used as a feedback 
control method with midpoint of the capacitor. Three-phase four-wire system is modelled with two sets of 
capacitors on the DC side As a control input, it effectively solves the voltage equalization of the midpoint of 
the capacitor splitting control problems while gaining real-time reference compensation current and power 
supply Flow implementation of feedback tracking control to compensate harmonics in power systems in real 
time Current and reactive power are compensated while compensating for current harmonics of each phase 
Harmonic current on the neutral line. Simulation results show that the method it is possible to split the 
capacitor at the midpoint of the three-phase four-wire for achieving DC side voltage Effective control of the 
reference compensation current through feedback control Real-time detection, continuous control output, 
high steady-state accuracy, and good motion. 
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